Introduction L ung cancer causes currently the highest number of deaths in developed countries, irrespective of gender. In 2012, 1 824 701 cases and 1 589 925 deaths were recorded worldwide-this equates to 13.0% of total cancer cases and 19.4% of all cancer mortality. 1, 2 In 2012, the European Cancer Observatory estimated that the incidence and mortality rates for lung cancer were 41.9 and 35.2, respectively (Age Standardized Rate per 100 000 habitants). Stratified by gender, these incidence and mortality estimations were 68.3 and 59.1 for males and 21.6 and 17.2 for females (in units of cases/100 000 inhabitants), respectively. 3 10-25% of all lung cancer cases occur in never-smokers. 4 Lung cancer in never-smokers would be the seventh greatest cause of cancer death worldwide, 5 if we were to consider lung cancer in never-smokers as a separate disease different than lung cancer occurring in ever-smokers. 6 In never smokers, adenocarcinoma is the most frequent histological type, followed by squamous cell carcinoma and small cell lung cancer. This pattern differs from what occurs in ever-smokers, where squamous cell carcinoma has a higher frequency though is not as frequent as adenocarcinoma.
Tobacco is the most important factor in the etiology of lung cancer, 7 but the epidemiology of lung cancer in never-smokers is largely unknown, as the bulk of the available literature relates to smokers and former smokers, as lung cancer risk persists after tobacco cessation. 8 Other lung cancer risk factors are environmental tobacco smoke exposure (ETS), 9 residential radon, 10 occupation 11 and previous respiratory diseases, but there are very few studies on these risk factors including exclusively never-smokers. 12 Concerning the effect of alcohol consumption and the different forms it may take on lung cancer occurrence, some studies have observed that alcohol consumption may be a risk factor for lung cancer, with differing alcoholic beverages (wine, beer, spirits) each having a different effect on the onset of the disease. 13 Total alcohol consumption has been associated with lung cancer, 14, 15 but red wine intake seems to be protective while the effects of beer are unclear. 16, 17 There are too few studies performed exclusively on never-smokers to properly ascertain the risk of lung cancer due to different alcoholic beverages. 18 The most relevant study has been published recently by Fehringer et al. 19 This was a pooling study analyzing 2548 never-smoking lung cancer cases and 9362 controls. A small fraction of the participants in the present study (13% of lung cancer cases) were included in the Fehringer et al. study. They observed that there was no effect for wine consumption (OR was hardly affected with dose of alcohol) and this is also the case for beer consumption. For liquor consumption, they observed a protective effect for those intaking the highest amount of liquor (OR 0.41), but this is the only category where the effect is protective. Total alcohol consumption is found to be protective though the authors remark the fact that confounding by unmeasured variables might be present. 19 Some other reports performed in never and ever smokers have found a beneficial effect of red wine intake, 20, 21 while increased total intake of alcohol or spirits seems to increase lung cancer risk in this subpopulation. 22, 23 A recent systematic review focused on alcohol consumption and LCRINSs published by our group and including 17 studies conclude that 'No clear effect is observed for alcohol consumption. Due to the limited evidence, no conclusion can be drawn for beer or wine consumption. There is little research available on the effect of alcohol on lung cancer risk for people who never smoked, and more studies are urgently needed on this topic'. 18 The objective of the present study is to assess the effects of alcohol consumption in its different forms (beer, wine and spirits) on the risk of lung cancer in never-smokers through a pooling study of six multicenter case-control studies developed in the northwest of Spain.
Methods

Design, subjects and settings
For this research, we pooled five case-control studies 10, 20, [24] [25] [26] to study the risk factors for lung cancer. We also used controls from one study focused on the analysis of oral and pharyngeal cancers risk factors. 27 All case-control studies were published by our group from 2002 to 2015 and were funded by competitive grants. Only one study focused exclusively on never-smokers 10,24 and we retrieved never smoking cases or controls from the other case-control studies. All case-control studies were approved by responsible institutional review committees and written informed consent was obtained from all subjects. Fifty-seven cases and two hundred and twenty eight controls included in the present study are overlapped with the pooling study by Fehringer et al., 19 representing 2.4% of the total participants in that study. These participants comprise 13% of all lung cancer cases and 26.4% of all never smoking lung cancer controls in the present study. The reasons for these differences are that the data were requested to us in 2011, and in that year, the main study focused exclusively on lung cancer risk in never smokers (LCRINS study 10 ) had just started recruiting patients. Therefore, the study by Fehringer et al. only includes those never smoking patients recruited in a former case-control study which mainly included ever-smokers. 25 Only one of these studies recruited population controls 26 
Inclusion and exclusion criteria
All studies included incident lung cancer cases in never-smokers using a consecutive sampling where patients were included as they were diagnosed with lung cancer. To be included, all cases had to have an anatomopathological confirmed diagnosis of lung cancer. All controls were selected at the pre-surgery unit because they would be undergoing non-complicated surgery. These surgeries were not related to tobacco consumption and they largely consisted of inguinal hernias, diverse traumatology interventions or neurosurgery. The minimum age to be included in our study was 30-years old, and there was no maximum age. Any previous episode of cancer disqualified patients from our study.
To be defined as a never-smoker, the participant had to fulfill at least one of the following characteristics: (1) he or she had smoked no more than 100 cigarettes during his or her lifetime or, (2) he or she had smoked fewer than one cigarette a day for no more than a 6-month period. This definition is based on international conventions and on a recent systematic review.
18,28
Information retrieval
A specific questionnaire was used to retrieve information in all casecontrol studies. The questionnaire was essentially the same, but was slightly modified from its first version. 26 These modifications were done to improve some questions and definitions, but the content of the items did not differ from one study to the next. Cases and controls were interviewed by trained interviewers. We gave special attention to alcoholic beverage consumption, type of alcohol consumed and other lifestyle characteristics including: nutrition habits, ETS exposure, occupational history and leisure time activities. Residential radon exposure was measured in four of the case-control studies. 10, 25, 26 Regarding alcohol consumption, we collected information on various types of beverages: wine (red, white or rosé), beer and spirits (whisky, gin, brandy, schnapps, sherry or other types). We also collected information on the frequency of consumption. We transformed each type of beverage to grams of alcohol using published equivalents:
(i) 1 glass of beer (200 ml) contains 7.89 mg of alcohol.
(ii) 1 glass of wine (125 ml) contains 11.84 mg of alcohol. (iii) 1 glass of spirits (50 ml) contains 15.78 mg of alcohol.
These equivalents were previously published by Vioque et al., using Spanish population. 29 
Statistical analysis
We created two groups of statistical models by combining an unconditional logistic regression with generalized additive models. 30 One group was created to determine the effect of consuming each respective type of alcoholic beverage. The other was created to assess the dose-response association with lung cancer for each respective type of beverage. These models were adjusted for age, sex, study, total alcohol intake, education level, living with smokers (considering if the participant had lived with a smoker for a minimum of 20-years in the same dwelling) and residential radon exposure.
To assess the effects of each different types of alcoholic beverage, we used non-drinkers as a reference category and we matched this category with the different alcohol types considered, these were: red wine, white wine, rosé, all types of wine, beer and spirits. The model was sequentially adjusted by age and sex; age, sex, total alcohol intake, education level and living with smokers. The last model also included an adjustment by residential radon exposure. This analysis was repeated, analyzing men and women separately and also analyzing patients with adenocarcinoma exclusively.
To assess the dose-response effect of the different types of alcohol consumption, we considered the daily number of glasses of red wine, the daily number of glasses of white wine, the daily number of glasses of rosé, the weekly number of beers and the weekly number of spirits. Initially, the number of glasses per week was analyzed non-parametrically using smoothing splines to assess whether the dose-risk relationship was linear (where the statistical test for non-linearity failed to prove statistically significant). 30 In those cases where the relationship did prove linear, the variables were included in the model on a straight line parametric basis. The different adjustments were similar to the categorical analysis made for the different beverage types. All analyzes were performed with R and the effects are shown as Odds Ratios with 95% confidence intervals.
Results
A total of 1301 never-smoking participants were included in the final study, 438 were cases while 863 were controls. Table 1 shows the sample description. Median age was 71-years for cases (interquartilic range 61-78) and 66-years for controls (interquartilic range 58-75). The most frequent histological type was adenocarcinoma, comprising 289 cases (66%), followed by squamous cell carcinoma with 42 cases (9.6%). Five hundred and sixty two individuals consumed alcohol, 43.2% of all cases as opposed to 36.3% of controls.
When we analyzed the risk of lung cancer of drinkers vs. nondrinkers of any alcoholic beverages we found an OR of 0.75 (95%CI 0.59-0.95), adjusted by age and gender. When we introduce other covariates in the analysis such as education, total alcohol intake, education level, living with smokers and radon exposure, the OR is 1.22 (95%CI 0.83-1.80). Table 2 shows the effect of the different types of alcoholic beverages on lung cancer risk for both genders, with non-drinkers serving as the reference category within each type. No clear effect was observed for either white or red wine consumption. The model showed that participants consuming any type of wine had increased lung cancer risk with an odds ratio of 2.20 (95%CI 1.12-4.35) in the final multivariate model. No association was established between beer consumption and lung cancer risk, with an OR of 1.33 (95%CI 0.82-2.14). Spirits consumption was associated with lung cancer risk, with an OR of 1.90 (95%CI 1.13-3.23) in the multivariate model that was also adjusted for radon exposure. The results for patients with only adenocarcinoma are shown in table 3. These results are similar to all lung cancer patients though there is a lack of statistical signification for patients consuming spirits (OR 1.59; 95%CI 0.88-2.87). Table 4 shows the effect of the different alcoholic beverages broken down by gender. For women (n = 772), no effect of wine consumption on lung cancer risk was established, with the exception of in the 'all types' category, with an OR of 2.81 (95%CI 1.08-7.80). There was no effect found for beer consumption while spirits pose a significant risk of 2.24 (95%CI 1.00-5.27). When men were analyzed separately (n = 468), no effect was found for wine consumption. Beer appeared to increase lung cancer risk in different models. However, this statistical effect disappears in the final model: without adjusting for radon exposure the OR is 1.68 (95%CI 0.99-3.15) and becomes 1.57 (95%CI 0.78-3.15) when radon exposure is included in the model. Spirits did not increase the risk of lung cancer in never-smoking males, with an OR of 1.36 (95%CI 0.65-2.85) in the model adjusted for age, study, total alcohol intake, education level, living with smokers and radon exposure.
Supplementary table S1 shows the dose-response pattern for each alcoholic beverage adjusted for total alcohol consumption and other covariates. The non-linearity test showed that doserisk relationships for consumption of red, white and rosé wine, beer and spirits, can be assumed to be linear. No clear effect was observed on the risk of lung cancer in never-smokers from any of the alcoholic beverage categories, with the exception of rosé wine which showed a negative association with an OR of 0.36 (95%CI 0.09-0.88). There does not appear to be any association between the number of spirits and the risk of lung cancer in neversmokers. 
Discussion
Our results support the hypothesis that spirits consumption might be a risk factor for lung cancer in never-smokers, while other types of alcoholic beverages do not seem to show any effect with the exception of consumption of wine in all forms. No difference was observed between wine types in terms of lung cancer risk, and no effect was found in respect to beer consumption. There are no significant differences between men and women and no clear effect is observed for a dose-response pattern with each respective alcoholic beverage. The results were similar when adenocarcinoma patients were analyzed separately though there was not statistical effect for the consumption of spirits. These results add evidence that alcohol is related to lung cancer onset in never-smokers. Previous studies have reported a similar, positive association with total alcohol consumption 14, 15, 22, 23, 31, 32 and alcohol broken-down by its different types. 16, 22, 33 We have to mention the differences observed between our results and those obtained by Fehringer et al. in the study with the highest sample size of never smokers published to date. 19 In the Fehringer et al. paper, it can be observed that total alcohol consumption does not have any effect on lung cancer risk though there seems to be a protective effect for squamous cell carcinoma. Analyzing the effect of alcoholic beverages, there is no effect for wine or beer consumption. For liquor consumption, there is a protective effect for those with the highest intake of liquor, but there is no effect for the remaining categories. Our study shows a higher risk for all types of wine consumption and for spirits, but not for beer (table 2) . The same effect is observed for women analyzed separately but not for men (table 4) . When performing a dose dose-response analysis, we do not observe any effect for any alcoholic beverage except rosé, which is found to be protective.
With the exception of liquor consumption, we do not think that our results are so different than that of Fehringer et al. 19 Even for liquor consumption, the category shown to be protective in Fehringer et al.'s paper has only 9 cases and 90 controls and therefore chance may be present there, particularly when we observe that the previous category does not pose any risk (OR = 1.03).
These different effects of spirits, beer or wine might be explained by the particular composition of these drinks. Spirits are rich in N-nitrosamines and urethane, while these elements are less common in wine or beer. Moreover, tannins and resveratrolpresent mostly in red wine-have been linked with a reduction in risk of lung cancer and other cancers but in studies performed in ever-smokers. These elements are not present in spirits. 29, 34 Taking into account only wine consumption, our results contradict results previously obtained by our group, 20 where a negative association was observed for red wine consumption (in ever and never smokers). Our results also contradict studies that a: Adjusted for age and sex. b: Adjusted for age, sex, study, total alcohol intake, education level and living with smokers. c: Adjusted for age, sex, study, total alcohol intake, education level, living with smokers and radon exposure. a: Adjusted for age and sex. b: Adjusted for age, sex, study, total alcohol intake, education level and living with smokers. c: Adjusted for age, sex, study, total alcohol intake, education level, living with smokers and radon exposure.
analyzed wine without differentiating the types of wine into distinct categories. 16, 17 We hypothesize that in never-smokers, the protective effect of tannins and resveratrol is attenuated, while the harmful effect of alcohol content present in wine might be more important than the potential beneficial effect of other substances. Tannins and resveratrol may counteract the carcinogenic substances present in tobacco. However, if tobacco is not present (or only present via ETS exposure) there may be no function for them.
Ethanol in alcoholic beverages is classified by the International Agency for Research on Cancer as a group 1 carcinogen to humans. 35 Various mechanisms by which alcohol acts as a carcinogen should be considered: acetaldehyde (alcohol degradation metabolite) causes increased production of reactive oxygen and nitrogen species, alcohol interacts with DNA and cytochrome P-4502E1, 36, 37 alcohol has a solubilizing role on carcinogens penetration through the upper aerodigestive mucosa 38 and alcohol causes changes in methylation and gene control. 37 Consumption of a specific type of alcohol may be related to certain dietary patterns or socioeconomic status. 21 In our population, alcohol consumption and especially wine consumption is particularly prevalent. In our study, there were more females with a median age of 65-70-years old, who make up an important part of our sample of never-smoking cases. Alcohol consumption in our population is associated with lower socioeconomic status. Some of our participants have small vineyards surrounding their countryside homes and they make their own wine. Therefore, accessibility to wine consumption is higher than in other populations.
Our study has some advantages. The main advantage is our high sample size and, despite being a pooled study, all participants come from the same area and therefore share similar lifestyle characteristics (diet, alcohol consumption). The fact that we included only never-smokers, avoids the potential confounding effect posed by tobacco consumption among our participants. We have used ETS (having lived with a smoker for 20 or more years) as a proxy for adjustment. Finally, this is the first study on alcohol and lung cancer (including also ever-smokers' studies) that includes residential radon as an adjustment covariate. Residential radon is the first risk factor for lung cancer in never-smokers 39, 40 and therefore this adjustment is extremely valuable when analyzing risk factors of lung cancer in never-smokers.
The main limitation of the present study might be the imbalance between the number of cases and controls for males and females. This is why we have performed a separate analysis broken down by gender. This imbalance is due to the fact that lung cancer in neversmokers is much more frequent in women than in men. This fact also happened in the paper by Fehringer et al., where females comprised 78% of cases (compared to 80.4% in our study) and 57% of controls (49.4% in our study). 19 Regarding the possible presence of confounding, the ORs associated with the consumption of different alcoholic types change when new covariates are introduced in the analysis. The most important change occurs when age and gender are introduced and some changes also occur when residential radon is included in the multivariate analysis. This fact might reflect differences in alcohol consumption (particularly wine) depending on where the participants live. Those living in the countryside tend to have higher radon exposure (their house is just above the ground) compared to those living in towns or cities. 41 Some of these rural participants produce wine and therefore they might have higher radon exposure and higher alcohol consumption compared to those living in urban areas. 20 We do not believe that the results are affected by these covariates since we have been able to measure residential radon. This issue might affect other investigations assessing the relationship between alcohol intake and LCRINSs. Another possible limitation is that wine glass size has increased, over the last years, leading to a possible underestimation of wine content. 42 Our main conclusion is that wine and spirits consumption might increase the risk of lung cancer in never-smoking females. All types of wine consumption may also increase LCRINSs. Public Health Authorities should consider this information to undertake lung cancer strategies beyond those directed only against tobacco. 
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Key points
Alcohol role on lung cancer aetiology in never smokers is still unknown. Some publications show a beneficial effect and others found an increased risk. We found that never smoking women who drink wine and/ or spirits might have an increased risk of lung cancer. Public health authorities should consider this information on lung cancer prevention.
